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(57) Abstract 

A zinc alloy anode-based electrochemical cell, which generates gases and/or energy, is disclosed. Ttie structure of the a ^ j s such 
that a zinc alloy anodfma^ (1) is the integral part of the housing and is in contact with an alkaline electrolyte (3 < containing ^mtnor 
^^^Z^itSSn ^ electrolyS (3) which contains no zinc powder metal, may be in direct contact widi the cathode (4) 
u^re^ elimination of a separator material. Hie cell is environmentally friendly, containing no mercury or 

SS^KcSc metals and is cost effective as it eliminates expensive amalgamated zinc powder and separator material. 
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TITLE OF THE INVENTION 

STORAGE-STABLE ZINC ANODE BASED 
ELECTROCHEMICAL CELL 

5 

BACKGROUND OF THE INVENTION 

Field of the Invention. The invention relates to galvanic cells of the zinc-anode type (e.g., 
zinc-air button cells) and in particular to miniature cells including those of gas and energy 
10 generation. 

Background. Miniature button cells of various electrochemical systems such as Zn-0 2 , Zn- 
Ag 2 0, Zn-Hg 2 0, or Zn-Mn0 2 are known for many years. Amongst them, Zn-0 2 (air) cell 
gained significant popularity because only the anode reaction material needs to be stored in 
the cell, whereas the cathode reaction material is oxygen, which is drawn from the 

1 5 surrounding air environment. Hence, the capacity and energy density of the zinc-air cell are 
determined by the stored amount of zinc metal and electrolyte solution in the cell. 

The construction features of zinc-air button cells are quite similar to those of other 
commercially available zinc anode-based button cells. The zinc anode material is generally a 
loose, granulated powder mixed with gelled electrolyte to immobilize the composite and 

20 ensure adequate electrolyte contact with zinc particles. The two metal can halves, housing 
the cathode and anode active materials also act as the terminals, insulation between the two 
containers being provided by a plastic grommet. The top cap is of complex structure, pressed 
generally from a triclad metal sheet: outer surface is a protective layer of nickel over a core of 
steel. The inner surface that is in direct contact with the gelled zinc anode is high-purity 

25 copper or tin. The cathode sheet electrode is consolidated into the positive can, which is 
formed from nickel-plated steel having one or more holes to provide a path for oxygen to 
enter the cell and diffuse to the cathode catalyst sites. The cathode sheet structure includes 
catalyst layer, metallic mesh, hydrophobic membrane, diffusion membrane and air- 
distribution layer. The catalyst layer contains carbon, usually blended with oxides of 

30 manganese or silver. It is made hydrophobic by addition of finely dispersed 

polytetrafluoroethylene ("PTFE") particles. The metallic mesh provides structural support 
and acts as the current collector. The hydrophobic membrane maintains the gas-permeable 
waterproof boundary between the air and the cell's electrolyte. The diffusion membrane 
regulates gas diffusion rates. Finally, the air distribution layer distributes oxygen evenly over 
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the cathode surface. It should be pointed out that one of the main construction features of 
commercially available button zinc-air cells is the presence of a separator to keep the anode 
and cathode separated. The use of separator is required as a consequence of the fact that the 
zinc anode is in powdered gelled form and therefore it must be separated from a direct 
5 electrical contact with the cathode. 

Another fact related to the construction of button type zinc cells should also be 
pointed out. The zinc anode is in the form of gelled powder not only in zinc-air button cells 
(see e.g., U.S. Patents 4,054,726, 4,189,526, 5,242,763, 5,279,905, 5,308,711 and 5,451,473), 
but also in other types of zinc anode-based button cells such as zinc-silver oxide (see, e.g., 
10 U.S. Patents 4,021,598, 4,038,467, 4,068,049, 4,139,683, and 4,144,382) or zinc-carbon 
alkaline cells (U.S. Patents 3,956,018, 4,091,186, 4,136,236, 4,192,914, 4,376,810, 
4,617,142, 4,735,876 and 5,378,562). There are also several foreign patents in which zinc 
anode is also in powdered from (Japanese Patent publications 2236973, 6208450, 6273565, 
61253764, and 62243252, and European Patent publications 768,723 and 414,990). In 
1 5 addition, the zinc powder is usually amalgamated to reduce gassing. Since mercury can be 
environmentally deleterious, significant efforts have been made to reduce the quantity of 
mercury in such cells. The most common way to reduce the gassing rate is by alloying the 
zinc powder with metals such as lead, cadmium, indium, bismuth, gallium, aluminum, tin 
etc., or adding oxides and/or hydroxides of these metals into the gelled powder mix. 
20 In the absence of oxygen (or when a sintered PTFE membrane is utilized as the gas 

diffusion membrane), the zinc-air cell functions as a hydrogen gas generating cell as shown 
by Winsel in U.S. Patent 5,242,565. In Winsel's button cell, the zinc anode is also in the 
form of gelled powder and the cell contains a separator. However, regardless of whether the 
cell is to be used as a current source or a gas generator, it is preferable for the cell to be a 
25 simple construction, to have fewer components, ease manufacturing and to be 
environmentally friendly. 
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The invention includes a novel button- type zinc based electrochemical cell of much 
simpler construction that utilizes a zinc strip cap anode and contains neither separator nor a 
5 gelled zinc powdered anode. The invention also provides for a long-life energy cell that 

occupies a minimum amount of space. The invention also provides an electrochemical cell 
(gas generating or energy producing cell) that is free from mercury, or cadmium, which poses 
a significantly reduced hazard to the environment. The invention also can provide a storage 
battery suitable for gas generating cell applications, which is substantially unaffected by 

1 0 changes in the ambient relative humidity. 

This invention relates to a zinc-anode-based electrochemical button cell, which 
generates gasses or energy or mixture thereof. The cell is of a much simpler construction 
than that of commercially available zinc-anode-based button cells, because a zinc anode 
material is not in the form of gelled metal powder. Instead of zinc powder, a zinc alloy cap 

15 forming a cup-shaped interior cavity of the cell, is used as the anode of the cell. The zinc 
alloy is of a high purity with iron levels preferably less than 10 ppm. Other impurities to 
avoid include, nickel, cobalt, tungsten, molybdenum, and germanium. Thus, the zinc anode 
material is an integral part of the cell housing, and is in contact with an alkaline electrolyte, 
which is typically an aqueous solution of sodium hydroxide. The absence of zinc powder in 

20 the electrolyte eliminates the need for a separator that further simplifies the cell construction 
and lowers its cost. The zinc anode cap is a zinc alloy containing at least one metal from the 
group consisting of lead, indium, gallium, bismuth and combinations and equivalents thereof. 
The zinc cap has a copper, tin, or stainless steel clad outer layer to protect the zinc anode 
from atmospheric corrosion. 

25 The electrolyte contains small amounts of zinc oxide, indium oxide, and alkali 

polyacrylate, which compounds act as corrosion inhibitors, and thus suppress gassing of the 
zinc anode. Since zinc powder is omitted from the electrolyte, more electrolyte can be 
utilized, resulting in a longer cell life time. 

The cathode, made up of a mixture of metal oxides, active carbon powder, and PTFE 

30 finely dispersed particles, is substantially gas permeable and partially hydrophobic. The 
cathode is pressed into metal screen which acts as the current collector, and placed at the 
bottom of a nickel-plated stainless steel can over a sheet of fluoropolymer acting as water 
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evaporation barrier. The stainless steel has at least one opening to permit gas to pass into the 
cell or to escape from the cell depending on the operation mode of the cell. When the cell is 
used in its gas generating mode, a sintered PTFE membrane is placed between the 
hydrophobic barrier and the gas passage to prevent air of incoming into the cell. 

The zinc cap anode and stainless steel can and gas permeable cathode are electrically 
isolated with an insulating grommet. 

In brief, the present invention offers a zinc anode-based button cell of a simple 
construction having less parts, containing no mercury or cadmium, and being less expensive 
than commercially available zinc anode-based button cells. 



4 
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Fig. 1 shows a cross-sectional view of one embodiment of a button cell according to 
the present invention, wherein the electrochemical cell is a hydrogen gas generating cell 
5 comprising a gas-evolving cathode and semipermeable membranes permeable to hydrogen 
and impermeable to moisture and air. 

Fig. 2 is diagrammatic plan view of steps of a method of producing the cell in 
accordance with the invention. 

Fig. 3 shows typical discharge curves of button gas generating cells of the present 
10 invention under different loads 0.5 kQ, 1 kQ, 10 kQ, and 20 kQ. 

Fig. 4 shows typical hydrogen volume delivery curves of button gas generating cell of 
the present invention under different loads 0.5 kQ, 1 kQ, 10 kQ, and 20 kQ. 



5 
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A preferred embodiment of the invention is shown in Fig. 1, which is a button cell 
type of zinc anode-based electrochemical cell. It comprises a zinc alloy cap 1 with a copper, 
5 tin or stainless steel clad outer layer 2 forming a substantially cup-shaped interior cavity and 
acting as the anode of the cell. The zinc alloy contains zinc metal with minimal amounts of 
impurities and includes indium, lead, gallium, bismuth or combinations thereof as alloying 
elements. The interior surface of the cap is zinc alloy in direct contact with the electrolyte 3. 
The electrolyte 3 is an aqueous solution of one of the alkaline hydroxides such as 

10 NaOH, KOH, LiOH or mixtures thereof, containing small amounts of zinc oxide, indium 
oxide and gelling agent, which suppress gassing. The gelling agent is preferably either a 
mixture of sodium polyacrylate, acrylic acid and amorphous hydrophobic silicon dioxide, or 
sodium carboxymethyl cellulose. 

Since the aqueous alkaline electrolyte does not contain any gelled zinc powder, it can 

15 be in direct contact with the cathode 4. The cathode 4 is of the "sheet-type" and preferably 
comprises activated carbon as the conductive material, metal oxide catalyst for the 
electrochemical reactions, and PTFE dispersed throughout as a hydrophobic binder. 
Electrocatalyst suitable for the cathode reaction when the electrochemical cell is a hydrogen 
gas-generating cell, includes Raney nickel or high surface area nickel metal powder. When 

20 the electrochemical cell is an oxygen-consuming cell, suitable cathode catalysts involve high 
surface area powders of oxides of manganese, silver and mixtures thereof. The conductive 
material in the cathode 4 can be made up of carbon, graphite, silver or mixtures thereof. This 
composite matrix material is pressed onto either nickel or nickel-plated steel mesh material 5, 
and then pressed into a sheet of fluorpolymer 6 which is hydrophobic in nature and acts as a 

25 moisture barrier. Other hydrophobic materials are also suitable for use with this type of 
electrochemical cell and are known in the art. 

In accordance with the present invention, there is interposed a membrane layer 7 
which limits air diffusion passing through the cathode (in a gas generating mode). 
Unsintered PTFE membranes filled with carbon and sintered PTFE films are likewise 

30 acceptable for this purpose. Optionally, a porous diffusion layer 8 such as filter paper is 
positioned adjacent to the interior of the cathode can or casing 10, although it is not a 
necessary element. A grommet 9 (preferably of nylon) electrically isolates the anode cap 2 
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from the cathode 4 and from the cathode can 10. The can 10 is crimped around the grommet 
cap assembly forming a seal. The cathode can 10 is comprised of nickel-plated stainless 
steel, and is in direct electrical contact with the cathode mesh 5. The can 10 has at least one 
aperture 1 1 to permit passage of gasses in or out of the cell. 
5 One significant advantage of this invention is that it eliminates the separator used in 

the prior art, thus requiring fewer components. Another advantage of this invention is that it 
eliminates the presence of powdered zinc material in the electrolyte, resulting in a higher 
capacity of the cell because the cell can now hold more electrolyte. It is, however, important 
to point out that alkaline electrolyte in the present cell should contain corrosion inhibitors to 
10 reduce the self-discharge rate, and, consequently, to extend the storage life of the cell. For 
example, the addition of zinc oxide, indium oxide, gallium oxide and the like are desirable. 
In addition, gelling agent may be added to the electrolyte not only to reduce the incidence of 
leakage, but also to reduce the corrosion rate of zinc. The inclusion of indium oxide ln 2 0 3 in 
the electrolyte has a particularly beneficial effect on reducing gassing and corrosion. 
15 Generally, the self-discharging rate is inversely related to the quantity of oxide in the 

electrolyte. However, the presence of about 300. ppm of indium oxide is optional, and the 
inclusion of additional indium oxide provides improvement, but only marginally. Generally 
to about 25 ppm to about 300 ppm indium oxide is preferred in the electrolyte with especially 
good results being obtained above about 50 ppm indium oxide. 
20 The following example illustrates a method of producing the cell, and is shown in Fig. 

2. The main feature of the method is its great simplicity. An air electrode subassembly, 
comprising the cathode 13 and water-impermeable gas permeable membrane 15, is placed at 
the bottom of an outer nickel-plated steel can 11, thus forming a cathode subassembly 18. At 
the same time, a nylon grommet 12 is firmly placed around a zinc cap 16, thus forming the 
25 anode subassembly 19. The anode subassembly is then filled with gelled electrolyte 17. The 
filled anode subassembly is then covered with the cathode subassembly 18, and finally 
crimped (or otherwise associated with one another) to form the button veil. 

Fig. 3 is a graph of current versus time for the zinc anode-based hydrogen gas- 
generating cells under different loads, and illustrating one example of cell characteristics 
30 capable of being achieved with the present invention. The cells were constructed as shown in 
Fig. 1, and had a sintered PTFE gas diffusion film. As can be seen, the slopes of discharge 
curves depend on the cell discharge rate being very low at a low discharge rate. These results 
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indicate a very stable cell operation under the specified conditions. 

Fig. 4 depicts a plot of gas generation versus time at different loads. The cells were 
constructed as shown in Fig. 1 and had a sintered PTFE gas diffusion film. 

Although the invention has been described with reference to certain particular 
5 embodiments and examples, these have been provided for illustrative purposes only, and the 
scope of the invention is to be determined by the appended claims. 



8 
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1. A galvanic cell comprising: 

a zinc alloy anode formed into a cap, said cap forming a substantially cup-shaped 
5 interior cavity, 

an alkaline electrolyte containing alkali metal hydroxide, zinc oxide, and corrosion 
inhibitors in aqueous solution in contact with and substantially filling said anode alloy-cup- 
shaped interior cavity, 

a cathode comprising a mixture of metal oxides and conductive materials, said 
10 cathode being in direct contact with said alkaline electrolyte, said cathode structured to be 
substantially gas permeable and partially hydrophobic, at least on a side opposite that of the 
electrolyte, 

an insulating grommet electrically isolating said zinc alloy cap from said gas 
permeable cathode, 

15 an outer can, structurally in contact with and holding the grommet and the cathode in 

place, said outer can having at least one aperture through which gas may enter in or vent from 
the galvanic cell wherein said gas may be electrically discharged or produced by electrically 
interconnecting said zinc alloy cap and said outer can, and 

a gas permeable hydrophobic membrane between said cathode and said gas aperture, 

20 wherein the galvanic cell is constructed to generate gas or energy or mixture thereof and 

wherein the galvanic cell is active when an electrical connection is made between the cap and 
the can. 

2. The galvanic cell of claim 1 wherein the zinc alloy consisting essentially of 
25 zinc metal together with beneficial amounts of other alloying elements selected from the 

group consisting of indium, lead, gallium, or bismuth as alloying elements or combinations 
thereof. 

3. The galvanic cell of claim 1 wherein the cathode is a sheet comprising 

30 activated carbon and fluoropolymer composite matrix pressed into either nickel or nickel- 
plated steel screen and where said screen is pressed into a film of microporous fluoropolymer. 

9 
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4. The galvanic cell of claim 1 wherein said gas permeable hydrophobic 
membrane is polytetrafluoroethyiene. 



5. The galvanic cell of claim 1 wherein oxygen is consumed at the cathode 
during discharge of the galvanic cell. 

6. The galvanic cell of claim i wherein hydrogen is released at the cathode 
during discharge of the galvanic cell 

7. The galvanic cell of claim 1 wherein the alkali metals hydroxide contains 
NaOH, LiOH, KOH or mixtures thereof. 

8. The galvanic cell of claim 1 wherein the electrochemical cell is a hydrogen gas 
generating cell comprising a gas-evolving cathode composed of at least hydrogen permeable 
hydrophobic membrane along with a current collector and hydrogen generating 
electrocatalyst. 

9. The galvanic cell of claim 8, wherein said electrocatalyst includes Raney 
nickel or high surface area nickel metal powder. 

10. The galvanic cell of claim 8 wherein the hydrogen permeable hydrophobic 
membrane includes sintered non-porous PTFE sheet. 

1 1 . The galvanic cell of claim 1 wherein the electrochemical cell is an oxygen 
consuming cell comprising an oxygen permeable cathode comprised of at least an oxygen 
permeable hydrophobic membrane, along with a current collector and oxygen reduction 
electrocatalyst. 

12. The galvanic cell of claim 11, wherein said electrocatalyst containing high 
surface area powders of oxides of manganese, silver and mixtures thereof. 
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13. The galvanic cell of claim 1 1 wherein the oxygen permeable hydrophobic 
membrane includes PTFE sheet. 



14. The galvanic cell of claim 1 wherein said zinc alloy cap is clad or coated on 
the exterior side with a corrosion resistant metal such as copper, tin, stainless steel or 
equivalents thereof. 

15. The galvanic cell of claim 1 wherein said corrosion inhibitors include indium 

oxide. 

16. The galvanic cell of claim 1 wherein said corrosion inhibitors include alkali 
polyacrylate. 

17. A method of producing a galvanic cell according to claim 1, said method 
comprising: 

placing a gas permeable electrode subassembly comprising a cathode and gas 
permeable hydrophobic membrane at the bottom of an outer nickel-plated steel can, thus 
forming a cathode subassembly, 

placing a grommet around a zinc cap forming an anode subassembly and then filling 
the anode subassembly with alkaline electrolyte, 

interacting the cathode subassembly with the electrolyte-filled anode subassembly, 

and 

crimping the cathode subassembly about the electrolyte-filled anode subassembly to 
form the galvanic cell. 

18. The method of producing galvanic cell of claim 17 wherein said zinc cap is 
clad or coated on the exterior side with a corrosion resistant metal such as copper, tin, 
stainless steel or an equivalent thereof. 
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19. The method of producing a galvanic cell according to claim 17 wherein the 
alkaline electrolyte contains alkali metal hydroxide, zinc oxide, and corrosion inhibitors in 
aqueous solution in contact with and substantially filling said anode alloy cup-shaped interior 
cavity. 

20. The method of producing a galvanic cell according to claim 17 wherein a 
cathode is made up of mixture of metal oxides and conductive materials, said cathode being 
in direct contact with said electrolyte, said cathode structured to be substantially gas 
permeable and partially hydrophobic, at least on the side opposite the electrolyte. 

2 1 . The method of producing galvanic cell of claim 1 7 wherein the grommet 
electrically isolates said zinc alloy cap from said gas permeable cathode. 

22. The method of producing the galvanic cell according to claim 17 wherein an 
outer can is structurally in contact with and holds the grommet and the cathode in place, said 
outer can having at least one aperture through which gas may enter in or vent from the cell 
wherein said gas may be electrically discharged or produced by electrically interconnecting 
said zinc alloy cap and said outer can. 

23. The method of producing a galvanic cell according to claim 17 wherein a gas 
permeable hydrophobic membrane is placed between said cathode and said gas aperture. 

24. The method of producing a galvanic cell according to claim 17 wherein the 
galvanic cell is constructed to generate gas or energy or mixture thereof. 

25. A galvanic cell comprising: 

a zinc alloy anode, shaped to form a portion of an interior cavity; 
an alkaline electrolyte within said interior cavity; 

a cathode configured for direct contact with said electrolyte, said cathode structured to 
be gas permeable and at least partly hydrophobic, at least on the side opposite the electrolyte; 
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a grommet between at least a portion of said anode and a portion of said cathode; 
an outer shell, having at least one aperture through which gas may pass; and 
a gas permeable hydrophobic membrane between said cathode and said aperture. 

26. The galvanic cell of claim 25 wherein said shell is electrically connected to 
said cathode. 

27. The galvanic cell of claim 26, wherein said cell is activated by a connection of 
said anode to said shell. 
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